in the pancreatic juice, the level rising and falling together with fluctuations in the enzymatic activity of the juice (7).
METHODS
Mn' (t36: 2.59 hrs.), and Mn"2 (t%: 5.8 days) were used as tracers in these studies, the former being prepared in the Brookhaven nuclear reactor, and the latter in the Brookhaven cyclotron. Both isotopes were checked for radiological purity by following the rate of radioactive decay for at least five half-lives, with no significant deviation from the expected rates noted. The subjects received doses of 0.1 to 1.0 mc., containing less than 1.0 mg. of Mn++, administered directly into the tubing of a rapidly running intravenous infusion of 5 per cent glucose in water, and washed in with about 100 ml. of the solution.
In two experiments, the dose was mixed with a 10 to 50-fold excess of EDTA (buffered at pH 7.4) prior to administration. Standards for comparison were made at the same time, by preparing suitable dilutions of the injected material. Experimental data are expressed as percentages of the dose administered.
Nine patients were studied, all of whom were considered to have malignant disease, but only one of whom (S. G.) was not ambulatory, and had clinical or laboratory evidence of impaired hepatic function. In none of the patients was there evidence of renal or gastrointestinal dysfunction.
The patient, S. G., had a biliary fistula through which approximately 40 per cent of an estimated 600-ml. total daily output of hepatic bile was passed. She had laboratory evidence of severely impaired hepatic function (BSP retention 100 per cent after 2 hrs.), and at autopsy three weeks later was found to have severe biliary cirrhosis.
Samples of heparinized whole blood were drawn at frequent intervals from all patients for up to four hours following injection. In three patients, 24-hour collections of urine and feces were carried out for six days. All of these patients had spontaneous, daily evacuations. In the patient (S. G.) with the external biliary fistula, three trials were carried out, and bile and urine were collected for 24-hour periods.
Counting of specimens and standards was done in a well-type scintillation counter. Samples of blood and urine were counted directly; weighed samples of feces were first homogenized in a Waring blendor, and weighed aliquots were counted. In two patients in whom retention of a large proportion of the dose was suspected, a body Ten similar blood curves were obtained in seven patients, which showed rapid decline of the manganese isotope level of the blood in the period following the intravenous injection of the material as MnSO4 in aqueous solution. Two altered curves which, however, resembled each other, were obtained from two subjects following the administration of the Mn-EDTA chelate. Curves from representative patients are shown in Figure 1 .
It can be seen that the "ionic" manganese (Mn in aqueous solution) curve fell more precipitously than did the Mn-EDTA curve, and remiiained at a lower level throughout the period of observation.
Urinary and fecal excretion (see Table I )
As shown in Table I , the urinary excretion of administered "ionic" manganese was almost negligible, but increased markedly when given as the Mn-EDTA chelate. The change induced by the chelating agent was immediate but of short duration, with no effect discernible after the second day. The fecal excretion of "ionic" manganese was appreciable, reaching its peak in the second or third day following administration. At the end of the six-day collection period, the radiation survey showed considerable remaining radioactivity, largely in the hepatic area.
Biliary excretion
In the patient with the biliary fistula a very small percentage of the injected Mn (average of 3 trials = 0.09 per cent) was recovered in the bile, (Figure 2 ). Calculation of the coefficient of correlationIgi'ves a value for r: 0.68. The probability of such a correlation occurring by chance is 0.0024 (8) .
Manganese excretion in mice When the per cent of the dose retained is plotted against time on semi-log. paper, all three groups pf mice have Mn retention curves of similar shape (Figure 3) . If the straight line segment of this curve is extrapolated back to zero time (by applying the method of least squares to the last six points), and the resulting straight line subtracted from the observed curve in its early portion, a second set of points are obtained, to which a second straight line may be readily fitted. Thus the curve determined by experiment may be analyzed as the sum of two exponential functions, tentatively titled the "rapidly excreted component," and the "slowly excreted component," or, for the sake of brevity, the fast and slow components. The data can be summarized by giving the values of the intercepts and lambdas (logarithmic slopes) for the fast and slow components of each experimental group (Table II) . The biological halftimes of each straight line are given for the sake of easier comparison (t'/2 = ln 2/ lambda).
On consideration of the intercepts of the slow components, one can see that when Mn is chelated with EDTA the value of this intercept falls; and when carrier Mn is increased ten-fold, the intercept falls even further (Table II) . The standard deviations of these intercepts have been calculated (9) , and the differences are statistically significant (p: less than 0.0001). Small differences are observed in the lambdas (and half-times), but the significance of these is unclear. Therefore, in interpreting these data, our attention will be confined to the difference in intercepts (Table II) .
The equations used to compute the standard deviations of the intercepts are as follows:
Slog. y.x = 4o (log. y -log. Y)2IN -2, (1) where log. y is the observed value of the log. of y, log. Y is the log. of the value of y obtained from the fitted line, and N is the number of points used in fitting the line. where x is the value of x at which a (the intercept) is determined; in this case, zero; and x is the mean value of the x's.
DISCUSSION
Comparison of the blood curves for "ionic manganese" with those for the "Mn-chelate" shows a similar configuration in both curves, but a greatly reduced overall rate of movement out of the blood stream for Mn-EDTA.
The data presented in Table I suggest that the primary pathway of "ionic" manganese excretion in man is fecal, as is the case in experimental animals. Urinary excretion appears to be negligible.
When the Mn-EDTA chelate is administered, however, a significant percentage of the tracer dose appears in the urine during the first 24 hours, with concomitant suppression of fecal excretion. Following this period, elimination in the feces is resumed, and the urinary Mn falls to a negligible level.
The biliary excretion data, although inadequate to give any quantitative estimates of the relative importance of this route in man, does offer a suggestive correlation between the Mn and bilirubin content of the specimens. The possibility that a Mn-bilirubin complex may indeed play an important role in the excretion of this element is supported by some data obtained by the ion exchange technique for measuring the formation constants of complex ions (10) . At pH 7.4 and an ionic strength of 0.16 M (Na+)-approximately physiological conditions-the formation constant of a Mn-bilirubin complex was found to be Kf: 1700.
In contrast, a representative bile acid (cholic acid) showed no measurable complex forming ability.
For comparison, Kf values for Mn-citrate: 2900, and Mn-EDTA: 1.7 x 107 were determined under the same experimental conditions. The adenosine polyphosphates, plasma proteins, and some other physiologically active substances also proved to be able to complex manganese (1, 11, 12) . The experimental data suggest that, after injection, Mn follows at least two metabolic pathways. These findings can be explained by the assumption that one portion of the dose is quickly and strongly bound in the body, and therefore slowly excreted, while a second fraction is unbound (or weakly bound), and rapidly excreted. If this hypothesis is valid, it can be anticipated that the unbound fraction would become chelated with EDTA and rapidly lost in the urine, while the strongly bound fraction would largely remain uninfluenced by this agent, and follow the pattern of elimination seen in the absence of EDTA. Review of both the human and mouse data (Tables I and II; Figure 3 ) supports this assumption.
The hypothetical kinetics described above could be further modified in the body, and the effects of EDTA lessened, by other competing divalent ions such as calcium or magnesium, which could form complexes with the EDTA in the dose. Such an effect is probably minimal, since the formation constant of the Ca-EDTA complex is many orders of magnitude smaller than that for Mn-EDTA. The Mg-EDTA formation constant is even smaller (1) .
This hypothesis of multiple metabolic pathways was first suggested by the two patients (R. B. and M. D.) in whom the excretion of "ionic" Mn was followed. In these subjects, fecal excretion reached a peak on the second day (Table I) , and then slowed markedly. Confirming this suggestion, the mouse studies showed Mn retention curves which can be readily analyzed into fast and slow components (Figure 3) .
Likewise, consideration of these same two patients (R. It would appear that the rate of excretion is increased as more carrier is given. Such a phenomenon has been previously observed in rats (5, 6) . On the basis of the multi-component hypothesis, one would anticipate that this increase in the rate of excretion would be due to an increase in the proportion of the total dose being eliminated via the unbound, rapidly excreted components. From the mouse data, one finds (Table II) that a ten-fold increase in carrier raises the intercept of the rapidly excreted component from 34.6 per cent to 74.8 per cent, as predicted.
The effects on excretion kinetics of increasing the amount of carrier Mn, and that of pre-chelation of Mn with EDTA, may be readily explained by this hypothesis. In both instances the effect appears to be one of increasing the proportion of Mn excreted in the rapid component. It seems plausible to assume that the manganese binding capacity is limited, and therefore that additional carrier Mn would be shunted into the rapidly excreted fraction, and have little influence on the slowly excreted, bound fraction, which presumably has been saturated. A strong chelating agent, such as EDTA, would act by competing with the bound fraction for the available Mn, and sequestering some of it. Since EDTA itself is rapidly excreted (1), the Mn bound by it would appear in the rapidly excreted fraction. The increase in the fast component produced by this means would have an inverse relationship to the strength of the physiological mechanism for Mn binding. 2. Rapid removal of manganese from the circulating blood occurred, and slowing of this removal after pre-chelation of the dose with EDTA was observed.
3. Manganese excretion in the patients studied was primarily fecal. When pre-chelated with EDTA, Mn is eliminated almost exclusively in the urine for about 24 hours, and then fecal excretion is resumed.
4. Excretion curves obtained from mice could be analyzed graphically into fast and slow components. Increasing carrier Mn, and pre-chelation of Mn with EDTA both increased significantly the intercept of the fast component.
5. It is suggested that the degree of influence on the excretory pattern of manganese exerted by pre-chelation with EDTA is an inverse function of the degree and type of physiological binding of this element.
6. It is suggested that the observed behavior of manganese is best explained by assuming the existence of bound and unbound fractions in the body.
